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This article reviews the various aetiologies of small bowel perforations and their
management. In addition to the well-known aetiologies such as trauma, inﬂammation
and circulatory disorders, several new causes of small bowel perforation have been
described in recent years. The spectrum reaches from iatrogenic perforations during
laparoscopic surgery or enteroscopies to drug-induced perforations with new anti-
cancer agents. The management of small bowel perforations requires a concept con-
sisting of the safe revision of the leaking bowel and the treatment of the peritonitis.
Depending on the local situation and the condition of the patient, several treatment
options are available. The surgical management of the bowel leak can range from a
simple primary closure to a delayed restoration of bowel continuity. When the con-
dition of the bowel or patient is frail, the risk of a failure of a closure or anastomosis
is too high, and the exteriorization of the bowel defect as a primary measure is a safe
option. The treatment of the peritonitis is also dependent on the condition of the
patient and the local situation. Early stages of peritonitis can be treated by a simple
peritoneal lavage, either performed by laparoscopy or laparotomy. Severe forms of
peritonitis with multi-organ failure and an abdominal compartment syndrome need
repeated peritoneal revisions. In such cases, the abdomen can only be closed
temporarily. Different technical options are available in order to overcome the difﬁcult
care of these patients.1. Introduction
Small bowel perforation is a well-known, but not very
common cause of an acute abdomen. The estimated incidence
in one study was 1 in 300000–350000[1]. How often
an emergency unit has to deal with this problem depends
on the regional situation of a hospital. In our own
busy institution, we observed from 1992 to 2005, 66 (26%)
small bowel perforations out of 256 intestinal perforations.
Intestinal perforations are still a major challenge for
the involved medical personnel. Since the time factor plays
an important role for the survival, a highly motivated team is
necessary to handle this life-threatening condition.
In the past, several innovations in the surgical management
have been published. However, the superiority over the con-
ventional methods is still under investigation.2. Causes of small bowel perforation
Various aetiologies can cause a perforation of the small
bowel (Table 1).
2.1. Trauma
Penetrating injuries after stabbing or gunshots are daily
business in emergency rooms of big cities all over the world.
Gunshots with pellets of lead or soft iron can occur as a serious
hunting accident. In particular, when the shot comes from a short
distance, myriads of pellets can perforate the bowel. The
removal of the pellets and the repair of the damaged bowel can
take many hours.
Non-penetrating injuries occur during trafﬁc accidents usu-
ally in combination with other intra-abdominal injuries, such as
liver and spleen rupture. A common blunt injury is caused by the
handlebars of bicycles.
2.2. Foreign bodies
Penetration of the bowel can also occur from the inside:
ingested toothpicks perforating the intestine are a life-
Table 1
Various aetiologies of the small bowel perforation.
Causes of small bowel
perforation
Speciﬁc forms
Trauma Shot, stab, explosives, blunt injury
Foreign bodies Toothpicks, ﬁshbone, magnetic toys













Vascular problems Mesenteric embolism
Mesenteric thrombosis
Vasculitis













Tumours Primary tumours: lymphoma,
adenocarcinoma, angiosarcoma
Metastatic tumours: melanoma,
mesothelioma, breast cancer, lung
cancer
Congenital anomalies Meckels diverticulum
Ileal or jejunal duplication
Craft versus host reaction Acute intestinal craft versus host
disease after bone marrow
transplantation
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54% of the patients were not aware of the incident. In 30% of
the patients, the toothpick could be removed by endoscopy.
This was only possible in localizations reachable for
gastroscopes or coloscopes. Fishbones, chicken bones,
needles and safety pins have also been described as a cause
of perforation. In children, magnetic toys have been
recognized as a serious hazard. When magnetic particles are
ingested together with another magnet, or with a metal
foreign body, the magnetic power can cause a bowel wall
necrosis with perforation. In USA, the Consumer Safety
Commission has become aware of this problem since 2003.
Several products have been recalled from the manufacturers
since then[3].
2.3. Iatrogenic causes
Laparoscopic surgery needs for imaging and instrumentation
ports which are inserted through the abdominal wall by means of
trocars. Despite of several safety measures, a bowel perforationis always possible. When such a perforation is not discovered
immediately by the surgeon, the diagnosis might be difﬁcult in
the postoperative setting, because the symptoms of the consec-
utive peritonitis can be obscured by postoperative pain. In a
large study, van Voort found 0.13% perforations under 329935
laparoscopic operations[4]. From these, 56% comprised the small
bowel. The perforation was caused in 46% by a trocar or Veress-
needle for producing a pneumoperitoneum; in 26%, it was
caused by diathermy or laser. The mortality of bowel
perforation during laparoscopy was 3.6%. Umbilical piercing
has been described as a particular risk factor for establishing a
pneumoperitoneum leading to small bowel perforation due to
adhesion formation between bowel and anterior abdominal
wall[5].
Another new problem is the perforation during an entero-
scopy. Long enteroscopes are now used for the discovery of
obscure intestinal bleeding sites and other rare conditions. In
order to advance the enteroscope through the small bowel, two
balloons are alternatively inﬂated, a potential hazard for
perforation.
The insertion of catheters for peritoneal dialysis can lead to
bowel perforation. Laparoscopic techniques have been advo-
cated to minimize this risk factor[6].2.4. Irradiation
Inadvertent irradiation of the small bowel has been a problem
in the past. In particular, the irradiation of tumours of pelvic
organs has a high risk of small bowel damage. New radiation
techniques minimize this risk in modern radiation therapy.2.5. Bowel obstruction
Ischaemia is the main cause of perforation as a consequence
of bowel perforation. Local pressure or the strangulation of the
mesentery is the most common mechanism.
2.6. Inﬂammatory bowel disease
Crohn's disease has been described in several studies as a
major cause of small bowel perforation. Although the inﬂam-
matory process usually leads to a thickening of the bowel wall
and the progression results rather in ﬁstula formation, free
perforation can occur. In addition to the inﬂammatory process,
other factors can contribute to a perforation. Medications such as
corticosteroids and monoclonal antibodies may play a role.
Perforations have been described after diagnostic procedures
such as capsule endoscopy, when the capsule is caught in a
stricture. Endosopic dilatation of a stricture with a balloon can
also lead to a perforation.
Infections such as typhoid fever and tuberculosis are com-
mon causes of bowel perforation in developing countries.
2.7. Drugs
New anticancer drugs can inhibit angiogenesis of tumours
successfully, but in some cases a bowel perforation may occur.
Bevacizumab has been shown to cause bowel perforation in 1%–
4%[7], when used for chemotherapy for colon cancer, ovarian
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tumour therapy have also been reported to cause bowel
perforation[8] (Figure 1).
2.8. Congenital malformations
Meckel's diverticulum is a well-known malformation in the
terminal ileum. These diverticula may contain displaced acid
producing gastric mucosa. As a consequence, a peptic ulcer can
develop. Typical complications are bleeding and perforation.
Gastrointestinal stroma tumours in such diverticula can also
occur and lead to a perforation.
3. Management of bowel perforations
The principle of management is always surgical closure or
exclusion of the perforation and treatment of the peritonitis.
3.1. Surgical closure or exclusion of the perforation
Before the surgical management can take place, a proper
evaluation of the patient is necessary. In case of an acute
abdomen, the clinical picture and free air found either by means
of a plain abdominal X-ray or by CT will usually lead quickly to
the indication of a laparotomy or laparoscopy[9]. Parallel to the
diagnostic measures, eventual ﬂuid and electrolyte imbalances
and organ failures have to be treated.
Since the exact localization of a small bowel perforation is
usually not known preoperatively, the surgeon has to perform a
complete meticulous evaluation of the intestine in order to ﬁnd
all possible leaks. For the exploration of an acute abdomen,
laparoscopy has been shown to be an important tool[10].
However, the surgeon has to decide in the acute situation
whether laparoscopy is the proper method for the particular
patient and for himself. Many factors may inﬂuence the
decision, such as the condition of the patient, experience of
the surgeon and availability of technical equipment in the
emergency situation.Figure 1. Peritonitis: treatment options.When the leak is identiﬁed, a decision has to be made
whether it can be closed safely by sutures or not (Figure 2). For a
primary closure, the bowel wall has to be free of traumatization,
inﬂammation or necrotic tissue. The closure has to be gastight
and must not compromise the diameter of the bowel lumen,
therefore, it should always be performed in transverse direction.
In case of resection, we have to consider whether bowel
continuity can be restored immediately by means of a primary
anastomosis or not. A primary anastomosis requires a healthy
tissue on both ends and a good local and general circulation.
Patients with multi-organ failure, severe faecal peritonitis, poor
mesenteric circulation or dependence on high doses of vaso-
constrictors are poor candidates for a primary anastomosis. An
anastomotic failure might deﬁnitely lead to a further deteriora-
tion and death of such severely compromised patients.
Much safer than a primary anastomosis is in such cases a
delayed anastomosis. In our institution, we found it very helpful
to delay the restoration of bowel continuity. Both bowel ends are
brought through the abdominal wall, then they are sutured
together on the posterior wall. The now formed double lumen
common stoma is sutured with mucocutaneous sutures to the
skin (Figure 3). This technique allows a postoperative moni-
toring of the vitality of the bowel without a second look oper-
ation. After the recovery of the patient, the closure of the stoma
with restoration of bowel continuity is easy and requires no a
further laparotomy.
3.2. Treatment of the peritonitis
When the source of peritoneal infection is eliminated, it is
important to consider the further treatment of the peritonitis. In a
case with a fresh peritonitis, a complete debridement of the in-
testine combined with a peritoneal lavage will be sufﬁcient for
most cases. Patients with a delayed diagnosis of the peritonitis
present with a severe form of the peritonitis with thick layers of
ﬁbrin, mesenterial abscesses and oedema of the bowel wall need
a much more sophisticated treatment (Figure 1). These patients
suffer usually from an abdominal compartment syndrome with
high intra-abdominal pressure, respiratory insufﬁciency and
Figure 2. Small bowel perforation: surgical options.
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patients an individual strategy together with the team of the
intensive care unit. In recent years, several concepts have been
developed in order to control a severe infection of the
peritoneum and its consequences. Many years ago,
relaparotomies for postoperative complications or sepsis were
not very popular because of the high operative risk in these
severely compromised patients. With the improvements in
anaesthesia and intensive care, it could be shown that the risk
of a relaparotomy is lower than the risk of an untreated septicFigure 3. Double lumen common stoma sutured with mucocutaneous suturesfocus. The planned relaparotomy is based on the experience
that for a severe purulent peritonitis, one lavage is not
sufﬁcient. Depending on the severity of the peritonitis, a
relavage every day or every other day can be performed. The
relaparotomy on demand is a strategy where the recovery or
deterioriation of the patient is the indicators for a relaparotomy.
Since a severe septic abdomen is usually combined with an
abdominal compartment syndrome, a primary closure of the
abdomen is not recommendable. Further relaparotomies are also
easier only when a temporary closure of the abdomen isto the skin.
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oped from simple packing, plastic bags, etc. In Europe, a zipper
system is popular. A newer method is a vacuum assisted system
with a continuous suction to collect peritoneal ﬂuid and support
the approximation of the abdominal wall. At this point, no data
are available to prefer one of the different systems[12].
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